Introduction
Extramammary Paget's disease (EMPD) is a rare malignancy that mainly affects the anogenital region in elderly people, first described by Crocker in 1889 (1) . The disease is usually misdiagnosed as eczema and the lesions commonly develop in the vulva, penis, scrotum, perineum, perianal area, umbilicus and axilla.
The method of surgical excision and defining the surgical margin of EMPD remain controversial. At present, surgical modalities including Mohs micrographic surgery, fluorescent dyes and frozen section examination (FSE) are recommended to ensure clear margins. With regard to treatment, neither the method of surgical excision nor the size of the surgical margin has been standardized because of the anatomical complexity of genital lesions. Even extensive resections are complicated by a high local recurrence rate (15-44%) due to several characteristics of EMPD, such as multicentricity and ill-defined margins (2) (3) .
While many attempts to increase the rate of complete resection have been made, conclusive evidence supporting the efficacy of these approaches is limited. Studies using photodynamic therapy have been published, however achieving solely palliative results (4) . Imiquimod cream at 5% concentration, 5% 5-fluorouracil cream, CO 2 laser and the association of two or more therapeutic approaches may also be used, with variable results (5). Increasing the incidence of complete resection, without causing excess morbidity, requires new methods to accurately identify neoplastic tissue intraoperatively, such as use of the drug 5-aminolevulinic acid (5-ALA). It is utilized as a precursor of a photosensitizer for performing a photodynamic diagnosis (PDD) and photodynamic therapy (PDT) to confirm and kill tumor cells (6) (7) (8) . In 
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Released online in J-STAGE as advance publication (9, 10) . Monitoring the distribution of PpIX is a useful tool for visualizing tumor locations, since the ALA-induced PpIX fluorescence accumulates primarily in malignant tumor tissue and its fluorescence is much stronger than that in normal skin. However, the clinical demarcation of the lesion is still a frequent problem. 5-ALA has been widely used to aid intraoperative identification of malignant gliomas, showing better cytoreduction and marked benefits for patients (11) . Chan et al reported that 5-ALA is a useful intraoperative guide for resection. It increases the percentage of total removal of the tumor (12) . According to the above results, we want to demonstrate for the first time a case of penile-scrotal EMPD was treated effectively by Mohs surgery resection guided by 5-ALA fluorescence. This study allowed us to examine the usefulness of these techniques for detecting tumor border and distant scattered lesions. To evaluate the characteristics and efficacy of 5-ALA fluorescence-guided resection of EMPD, we report a clinical series of 5 patients during surgical resection of the lesions.
Materials and Methods

Inclusive criteria
According to the experience of the department of dermatology on the therapy in skin disease using the 5-ALA (13), the present study included 5 patients with penile-scrotal extramammary Paget's disease at our department between January 2014 and December 2015. All patients were diagnosed by biopsy in the department of dermatology and without prior chemotherapy ra¬diotherapy or biological therapy, or laser, frozen, or focal drug application.
Exclusive criteria
Those patients with severe light allergy, cardiac or cerebral vascular disease, severe liver or heart failure, other malignant tumor or hematologic disease, systemic immune disease, infectious disease, or inflammatory disease. Those patients who could not finish follow-up, died accidentally, or had incomplete clinical information.
Major equipment and reagent
The 5-aminolevulinic acid (5-ALA) (Shanghai Fudan-zhangjiang Bio-Pharmaceutical Co., Ltd. Shanghai, China) was obtained from the hospital. The photodynamic diagnosis instrument used the ultraviolet torch.
Surgical procedures
All patient's penile-scrotal lesions were coated with 5-ALA (concentration of 20%) throughout the visible range of the lesion plus a 2 cm margin 3 hours before the induction of anesthesia. Surgical margin was determined in a standardized manner. The extent of resection was evaluated on the basis of frozen and histology sections. If the fluorescence positive punctate lesions were found outside the resection range, we removed the lesions and sent them for pathological examination. Each biopsy site was sutured with 4-0 nylon.
Case Illustration
A 72-year-old male patient with recurrent penilescrotal extramammary Paget's disease was initially admitted to the Urology Department of our hospital. Physical examination showed that there was sporadic edema erythema, popular eruption over an area of 6.0 × 3.0 cm 2 in the penile-scrotal region ( Figure 1A ). Histopathological examination biopsy confirmed extramammary Paget's disease. We prepared a fresh solution of 5-aminolevulinic acid (5-ALA) solution (20%) by dissolving 5-ALA powder in physiological saline solution. The lesion plus a 2 cm margin were covered by ALA-soaked gauze for 3 h ( Figure 1B) . Before surgery, lesion locations were visualized by fluorescence examination using a light emitting diode (LED) emitting ultraviolet (UV) light at 405 nm. 5-ALA's fluorescent product, protoporphyrin IX (PpIX), showed a characteristic bright brick-red color ( Figure 1C) . Under light visualization, the fluorescing areas were marked ( Figures. 2A, 2B) . Lesions in the blue light turn red after irradiation, the fluorescence-guided surgery delineated range is less than the naked eye can see, intraoperative frozen prompted negative margins, A total of 7 scattered lesions were found and resected ( Figures 2C, 2D ).
Tumor pathology
Tissue samples first underwent immediate frozen section analysis. After the operation all samples including scattered lesions were sent for routine histology.
Postoperative complications and follow-up
Follow-ups were performed every 3 months after treatment via telephone or outpatient clinic visits, and follow-up lasted for 12-24 months (average followup 17.8 months). Side-effects such as photosensitivity reactions or inflammation and recrudescence were observed.
Results and Discussion
Clinical and histological characteristics including margins, for a postoperative pathological diagnosis. A total of 31 scattered lesions were found. After serial biopsies pathology prompted that four were positive. Surgical margins were negative in all patients.
The median follow-up duration was 17.8 months (range, 12-24 months). All patients were alive with no evidence of side-effects (photosensitivity reaction or inflammation) and local recurrence or metastasis at the end of the follow-up period.
Extramammary Paget disease (EMPD) is a cutaneous neoplasm presenting with erythematous spread, mainly on the genitals. As the tumor margin sometimes presents as ill-defined and multicentric, local recurrence after surgical excision is an important issue to overcome. Although surgical treatment with wide local excision (WLE) has been the standard choice of treatment, the recurrence rate is reported to be 33-60% (14) . The significant morbidity and deformity after WLE is also problematic.
Differentiation of EMPD of the penoscrotal area from normal tissue is clearly frequently difficult, and setting a clear surgical margin is also difficult because of scrotal tissue redundancy. Therefore, various trials, such as intraoperative frozen sections or Mohs micrographic surgery (MMS), were performed to achieve tumor-free margins. However, frozen sections have a false-negative rate of 10.4%, up to as high as 40%, and is known to have no improvement in disease outcome (15, 16) . MMS may lower local recurrence rate (17) (18) (19) (20) but is timeconsuming and requires additional faculty for use.
As the tumor margin sometimes presents as illdefined and multicentric, local recurrence after surgical excision is an important issue to overcome. Photodynamic diagnosis has been utilized intraoperatively to detect positive surgical margins (21) . Over the last decade, 5-aminolevulinic acid (5-ALA) has acquired considerable attention as a feasible agent for photodynamic diagnosis and therapy.
ALA is a precursor to heme in the heme cycle. When excess ALA is supplied to tissues, malignant tumor cells can take up the exogenous 5-ALA and convert it to a fluorescent photosensitizer, protoporphyrin IX (PpIX). Monitoring the distribution of PpIX is a useful tool for visualizing tumor locations, since the 5-ALA-induced PpIX fluorescence accumulates primarily in malignant tumor tissue and its fluorescence is much stronger than that in normal skin (22) .
This report demonstrates for the first time the effective treatment of penile-scrotal extramammary Paget's disease with Mohs surgery resection guided by 5-ALA-induced fluorescence. To define clinically the apparent borders of the tumor as well as the extent of the tumor invasiveness 5-ALA was used. Biopsies from all the fluorescing lesions showed some histological extramammary Paget's disease, indicating the efficiency of ALA-induced fluorescence in detection and demarcation of EMPD.
surgical results are summarized in Table 1 . Five patients with penile-scrotal extramammary Paget's disease (all men, median age, 69.8 years; range, 65-77 years) were enrolled in the analysis. Tumors were diagnosed based on biopsy by department of dermatology. The mean maximal tumor diameter of all surgical specimens was 5.6 cm (range, 4-7cm) (pre-PDD) and 4.8 cm (range, 3.5-6cm) (post-PDD). All 5 patients underwent the surgical procedures described above, and no sideeffects were attributed to 5-ALA. Lesions in the blue light turn red after irradiation, the fluorescence-guided surgery delineated range is less than the naked eye can see, intraoperative frozen sections prompted negative Protoporphyrin seems to be the metabolite mainly responsible for tissue fluorescence. Slight fluorescence is always present in normal skin especially that of the intertriginous areas. This is due to the normal presence of propionibacteria, which are able to produce porphyrins (23) . The fluorescence of these bacteria is pale and ill defined. In addition, after ALA application, normal unaffected skin of any area is also able to produce porphyrins, showing a slightly ill defined fluorescence. In contrast, the fluorescence of the tumor tissue is intense and sharply demarcated. When using 5-aminolevulinic acid (5-ALA)-mediated Photodynamic diagnosis (PDD), many studies have obtained better results (24) (25) (26) (27) (28) .
However, in some cases it is difficult to excise the lesion completely, especially if it is distant or located in a critical anatomical site. In this study, we revealed feasibility of photodynamic diagnosis using 5-ALA for scattered lesions or those located in a critical anatomical site resection by direct intraoperative inspection of the tumor. We showed that the use of 5-ALA led to a higher frequency of complete resection of the scattered lesions and avoided large-scale resections. Intraoperatively, 5-ALA fluorescence-guided resection was useful especially when a tumor was distant or located in a critical anatomical site. The study had some limitations such as small sample size and a short follow-up period. However, our results indicate that 5-ALA fluorescence-guided resection of penile-scrotal extramammary Paget's lesions was a feasible strategy for visualizing margins and maximum tumor resection was achieved with satisfactory outcomes. In conclusion 5-ALA fluorescence-guided minimum range can completely remove penile-scrotal extramammary Paget's lesions, and it is able to detect distant scattered lesions.
